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(54) Ink jet recording element and printing method 



(57) An ink jet recording element comprising a sup- 
port having thereon an image-receiving layer, the ink jet 
recording element containing core/shell particles 
wherein the shell of the particles consists a metal(oxy) 
hydroxide complex, M"^(0)3(0H)b(AP-)c*xH20, wherein 
M is at least one metal ion; n is 3 or 4; A is an organic 
or inorganic ion; p is 1 , 2 or 3; and x is equal to or greater 
than 0; with the proviso that when n is 3, then a, b and 



c each comprise a rational number as follows: 0 < a < 
1 .5; 0 < b < 3; and 0 < pc < 3, so that the charge of the 
metal ion is balanced; and when n is 4, then a, b 
and c each comprise a rational number as follows: 0 < 
a < 2; 0 < b < 4; and 0 < pc < 4, so that the charge of 
the lA^-^ metal ion is balanced. 
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Description 

S P'-f '^ent'on relates to an ink jet recording elerrient and a printing method using the element con- 
taining core/shell particles which improve stability and optical density 

H- ^ T^'^l P""»*"9 system, ink droplets are ejected from a nozzle at high speed towards 
a recording element or medium to produce an image on the medium. The ink droplets, or recording liquid generaHy 
comprise a recording agent, such as a dye or pigment, and a large amount of solvent. The solvent or ca rfer liquid 
typically is made up of water and an organic material such as a monohydric alcohol, a polyhydric alcohol or mixtures 

[0003] An ink jet recording element typically comprises a support having on at least one surface thereof an ink- 

ITdThTinrT^r '"^ "'^'"'"^ ^"^"^^ '"^^"^^^ ^'^--9' --^--^ '^-e an opaque suppoi 

and those intended for viewing by transmitted light, which have a transparent support 

[0004] An important characteristic of ink jet recording elements is their need to dry quickly after printing To this end 
sXi^^r?"' developed Which provide nearly instantaneous dicing as long as theThave 

sufficient thickness and pore volume to effectively contain the liquid ink. For example, a porous recording element 
rooosT w? '""'""^ " particulate-containing coating is applied to a support and is dried 

0005] When a porous recording element is printed with dye-based inks, the dye molecules penetrate the coatina 
ay^s. However, there is a problem with such porous recording elements in that the optical densities of images prS 

whTth H I ? '^""'^ ""'^ '^""^"'^^ "^"^^^^ »° «° °P««-' scatter Which occurs 

when the dye molecules penetrate too far into the porous layer. Another problem with a porous recording elemennl 

^irr/crsfn^r. ^^^^"^ --^-'^ - - deU of th': 

H„w!l ^.h ^ °^ ^ ^"^^ L!'^*^* '° ^" '■^^°'-^'"9 element containing aluminum hydroxide in the form of boehmite 

2s rooor EpTJL^TnAr rf " ^•^'"^ *° "S^* ^"^ ^'^P— '° atmosphenc gases. 

^ImpleTas descrd^^^^^^ ^^^^^^""^ "^'^^^^^^ ^^^^ "° ^^^^'^ »-^^'"9 of a metal oxy(hydroxide) 

Snnfi, ""i ^ ''''If"' 5.372.884 relates to ink jet recording elements containing a cation-modified acicular or fibrous 
30 ZrZ ■ Z I cation-modifier is at least one hydrous metal oxide selected from the group consisting of 

mirv rH'"""'H°r ■ T""^ '''^""'""^ '"''"'^ ""'^ '^'^^^"^ f^^^^^^^- '^^'^ 's no specific teaching of a 

metal oxy(hydroxide) complex as described herein for a core/shell particle. 

[0009] It is an object of this invention to provide an ink jet recording element that, when printed with dye-based inks 

mni r 'J!!:r°'T''t """9e quality, image stability, and has an excellent dry Se. ' 

35 SSJ 1 ?ilT«nH nth ^^1°' '""^T" ^'"""^^ ^ ^""^'"9 "«'"9 the above-described element. 

[0011] These and other objects are achieved in accordance with the invention which comprises an ink jet recordina 

steZrtT'T' " T"'"^ image-receiving layer, the Inkjet recording'elemen. con^^ nTngtoS 

shell particles wherein the shell of the particles consists of a metal(oxy)hydroxide complex 

M"'(0)a(0H)b(AP-)e*xH20. 

wherein 

M is at least one metal ion; 
n is 3 or 4; 

''^ A is an organic or inorganic ion; 

p is 1. 2 or3; and 
X is equal to or greater than 0; 

< ."^ZTS^T" T^T" 1 ^' ^' " ^"^ '^^'"P"^^ « ""'"ber as follows: 0 < a < 1 .5; 0 < b 

< 3. and 0 s pc <3. so that the charge of the metal ion is balanced; 
and when n is 4. then a, b and c each comprise a rational number as follows: 0<a<2;0<b<4andO<DC< 

4, so that the charge of the M** metal ion is balanced. o < 'f. ana o _ pc < 

[0012] By use of the invention, an ink jet recording element is obtained that, when printed with dye-based inks 
provides superior optical densities, good image quality and has an excellent dry time 
[0013] Another embodiment of the invention relates to an ink jet printing method comprising the steps of: 

A) providing an Inkjet printer that is responsive to digital data signals: 

B) loading the printer with the ink jet recording element described above; 

C) loading the printer with an ink jet ink composition; and 
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D) printing on the ink jet recording element using the ink jet ink composition in response to the digital data signals. 

rOOl 41 in a preferred embodiment of the invention, the core/shell particles consist of a core particle having a negative 
charqe upon its surface and having thereon a shell. Core particles useful in the invention include s.hca. ^'"0 ox.de 
5 Sum oxide, titanium dioxide, barium sulfate, and clay minerals such as montmorilloni.e. In a preferred embodime^ 
oUhe nventlon the core particles are negatively charged. One skilled in the art can detemime the conditions f avorable 
ft indudng a negative charge onto various inorganic or organic particles in such a way that they can be used as core 
parties for shelHng metal (oxy) hydroxides. In a particularly preferred embodiment of the invention, the core particles 
con^S of silL. such as silica gel, hydrous silica, fumed silica, colloidal silica, etc. The size of the core particles may 
10 be from 0.01 to 1 0 nm. preferably from 0.05 to 1 .0 jim. 

[0015] The shell.Ts described above, may comprise 0.1 to 50 % by weight, based upon the we.Ql^t of me core 
particle, but is preferably from 3 to 40 »^ by weight of the core particle, preferably 10 to 30 % by weight. The shell may 
have a thickness of 0.005 to 0.500 Jim, preferably 0.01 to 0.100 um thick. ot^n m th» iman^ 

rooiei In a preferred embodiment of the invention, the core/shell particles descnbed above are located in the irnage- 
,5 Sng la^er t another preferred embodiment, M in the above formula is a Group ll.A. IIIB. IVA, IVB metal or a 
anthanide group metal of the periodic chart, such as tin. titanium, zirconium, aluminum, silica, yttrium, cenum or lan- 
hanum or mixtures thereof. In another preferred embodiment, n is 4; a, b and c each comprise a rational number as 
fSr 0 <^ < 1 1< b < 4; and 1 < PC < 4, so that the charge of the M^* metal ion is balanced. In still another preferred 
embodime'nl. a is 0. n is 4, and b+pc is 4. In yet still another preferred embodiment, a is 0, n is 3. and b+pc is 3. 
20 r0017l In yet still another preferred embodiment of the invention. AP- is an organic anion such as R-COO , R-O 
R-SO,- R-OSOv or R-O-POv where R is an alkyi or aryl group. In another preferred embodiment, AP- is an inorganic 
anionfc'such as 1". CI". Br, P, ClO^, NOa", CO^^- or SO^. The particle size of the complex described above « less 
than 1 um, preferably less than. 0.1 lam. .... 
[001 8] Metal {oxy)hydroxide complexes employed herein as the shell material may be prepared by dissolving a metal 
salt in water and adjusting the concentration. pH. time and temperature to induce the precipitation of metal (oxy)hy- 
d^xrde tetramers. polymers or particulates upon the core material. The conditions for precipitation --V deP-dmg 
upon the nature and concentrations of the counter ion(s) present and can be determined ..y one sk ted m the art^ Fo^ 
example soluble complexes suitable for preparation of the zirconium (oxy)hydroxide shell matena s include, but are 
noHimited to ZrOCU-SH^O. and the halide, nitrate, acetate, sulfate, carbonate, propionate, acetylacetonate, crtra e 
and be^zolte salts; Ind hydroxy salts with any of the above anions. It is also possible to prepare the shell materials 
employed in the invention via the hydrolysis of organically soluble zirconium complexes such as zirconium a kox.des, 
e g zirconium propoxide. zirconium isopropoxide, zirconium ethoxide and related organometalhc zirconium com- 
pounds. 

[0019] The hydrolyzed zirconium oxy hydroxides, 
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Zr(0)3(0H)i,(A'^)c*xH20 

may exist as tetrameric zirconia units or as polymeric complexes of tetrameric zirconia, wherein ^'"^^^'^'^/'^^^"^^^^^ 
bridged by hydroxy and/or oxo groups. In general, hydrolyzed zirconia salts are amorphous and "^^V J^^^f ^^ 
nantly in the aform However, depending upon the experimental conditions (solvents, pH, additives, aging and heating 
conditions) , the hydrolyzed product may contain significant number of "oxo" bndges. .. ^ , . ^ 
ro0201 It is often difficult to ascertain the precise composition of "oxo" and "hydroxy" groups in hydrolyzed metal salts. 
Therefore the usage of definitive numbers for these functional groups in metal (oxy)hydroxide compositions was avoid- 
ed. Any number of oligomeric or polymeric units of metal complexes may be condensed via hydrolysis reactions to 
form larger particulates ranging in size from 3 nm to 500 nm. .,Hi^..i=>to= 
[00211 It is furtherpossible to age or heat treat suspensions of the core/shell materials to obtain core/shell particulates 
!!ng?ng in ^ze from 0.500 ^m to 5.0 ^m. Preferred particles sizes are in the range from 5 nm to 1000 nm. Calcination 
of amorphous metal (oxy)hydroxide leads to the formation of ciystalline polymorphs of metal oxides. 
r00221 In a preferred embodiment of the invention, the image-receiving layer is porous and also contains a polymeric 
Lder in an amount insufficient to alter the porosity of the porous receiving layer. In another preferred «-;"bod'ment^ 
the polymeric binder is a hydrophilic polymer such as polyvinyl alcohol), poty(viny pyrro done , 
ethers poly(oxazolines), poly(vinylacetamides), partially hydrolyzed poly(vinyl acetate/vinyl alcohol), poly(acrylic ac^cO, 
poly(aco.lamide). poly(alkylene oxide), sulfonated or phosphated polyesters and polystyrenes, casein, z^'"- ^'bum 
chitin chitosan. dextran. pectin, collagen derivatives, collodian, agar-agar, arrowroot, guar, carrageenan tragacanth^ 
xanthan rhamsan and the like. In still another preferred embodiment of the invention, the hydrophilic polymer is po^^ 
(vinyl alcohol), hydroxypropyl cellulose, hydroxypropyl methyl cellulose, or a poly(alkylene oxide). In yet still another 
preferred embodiment, the hydrophilic binder is poly(vinyl alcohol). 
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iunfort ,h/,nn'f .'79«-^«'=«i^*"9 'ayer, the recording element may also contain a base layer, next to the 

^::^::z:rz^. '^^-^ ^'^^ ^^^^^'^'^ ^^^^ '^^^ ^---^^ p--- 

[0024] The support for the ink jet recording element used in the invention can be any of those usually used for ink 

cont^^ninrir LToo'^'^ P^'^^^'^^^' °^ microporous materials such as polyethyLe polymLr 

contam.ng matenal sold by PPG Industries, Inc., Pittsburgh, Pennsylvania under the trade name ol Teslin ® Twek ® 
Stenf ?2?4 ^6 Ooao, and OPPalyte® films (Mobil Chemical Co.) and other composite films listed Tu S 

mtrlf ■ ^P""" '"'^'"'^^ P'^'" P^P^^' P^P«^- synthetic paper, photographic paper support 

melt-extrus on-coated paper, and laminated paper, such as biaxially oriented support lamiLes Biaxially orienSd sup 

Tsei "I'^Th^sTblf V' H '"'""'^ 5.B74,205; 5':888,643; 5,888,681 ; S^Tess and 

5,888.714 These biaxially onented supports include a paper base and a biaxially oriented polyolefin sheet tvpfcaHv 

atlrrr'' rr*'" '° °" ^ ^'^^ °' ^'^^ P^P^^ "^^^^^ transparent supports include'^as" celMosfdeS 
bZL n If' '^^''^l"^- ^'^-'ate propionate, cellulose ace^e 
butyrate; polyesters such as poly(ethylene terephthalate), poly(ethylene naphthalate). poly( 1 4-cycSexane^mmh 
yiene terephthalate), poly(butylene terephthalate), and copolymers thereof ; polyimides poLmUs potcar^^ 
t'uSr/of'T^''""'* T P°'y^^^y'-- orpo^propylene; polysulfones^pc^yacrylatSpo^^^^^^^^^^^^^ 

"'^^'^ '"'''"'^ " "^"^^ ^^"9^ °' P^P^^s- f^^'" ^'9>' end papers, such aTpholoqraphte 

r0025, ZT 'T"' h"?' ' P"'^""' embodiment, polyethylene-c'oSed paper fs eCoyed 

[0025] The support used in the invention may have a thickness of from 50 to 500 ^m. preferably from 75 to 300 um 

rooS Tn o ^"'^ "^'^^^ ^^^'^'^^^ be incorporated into s pport it desire" 

St Jr ""ST °' ink-receiving layer to the support, the surface of the support r^ay be 

mnot^ 1 corona-discharge treatment prior to applying the Image-receiving layer ^ 

nclSna db Sr^w^'^'r ''"''T'' "^^^ ^PP'-'^-^" """^^^^ °f ^--n techniques 

bead Z^n !t ^'"^ <^°^°'- blade coating, gravure and reverse-roll coating, slide coating 

further nS r ^i^-^^'^" '^^^^'"S- "^"-^^i" '^^^ting and the like. Known coating and drying methods are described fn 

n whichTe r'""" P^9^^ 10°^ to Vo08. Slide coating is p^ferred 

m which the base layers and overcoat may be simultaneously applied. After coating, the layers are generally dried by 
simpte evaporation. Which may be accelerated by known techniques such as convection heating ' ^ 

d?.ofi.i"«Kff ' ""'T '"ff durability to an ink jet recording element, crosslinkers which act upon the binder 

discussed above may be added in small quantities. Such an additive improves the cohesive strength of the iLver 

srrdTermTar^^^^^^^^ 

Snnlir'""^ ^b«°*«^«' ^^di^^' Quenchers or antioxidants may also be added to the imaqe- 

receiv ng layer as is well known in the art. Other additives include inorganic or organic particles pH modifiers adhesSi 
promoter^, rheology modifiers, surfactants, biocides, lubricants, dyes, opticarbrigh^eners mattragente aStistr 
agents, etc. In order to obtain adequate coatability. additives known to those familiar with such art such astuSan^ 
defoamers^alcohol and the like may be used. A common level for coating aids is 0.01 to 0 30 TStive coaSa afd 
based on the total solution weight. These coating aids can be nonionic. anionic, cationic or ampltter fspeS^^^^ 
[S? TheTaaf ri" ^^T^"^^'^;^ ^mulsifiers and Detergents, 1 995, North Amet^n IdTo " 

~r brrn^n;- citi: -c^r Lr r ■ ^ "^^^^ - ^ -~ ^^.ri!^or.,.Lrz 

Th?/L/^!.f°^""^ composition can be coated either from water or organic solvents, however water is preferred 
particulate coating formulations, solids contents from 1 0-40% are typical 

™' r'""^^' '"H^ "^^"^ '° '""^^^ ^'^'"^"•^ °' P'-^se"' '"mention are well-known In the art The ink 

oiaTn,rh" '? '''"""^ '^P''^""^ "^"''^ compositions comprising a solvent or carrier Hqi^d les o^ 

pigments, humec^ants, organic solvents, detergents, thickeners, preservatives, and the like The solve" or carrie 
-quid can be solely water or can be water mixed with other water-miscible solvents such as polyhjdrra^^oh^ls Inks 
in Which organic materials such as polyhydric alcohols are the predominant carrier or solvent^qu^l ma^a so b^^^^^^ 
Particularly useful are mixed solvents of water and polyhydric alcohols. The dyes used in such co^posTS^s a^e tvoS 

rgrra^pru.r;~ 

by reference ^.^>:Jy:i>43 and 4,781 .758, the disclosures of which are hereby incoTDorated 

55 [0033] The following examples are provided to Illustrate the invention. 
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Example 1 

Dve Stability Evaluation Tests 

5 [0034] The dye used for testing was a magenta colored ink jet dye having the structure shown below. To assess dye 
stability on a given substrate, a measured amount of the ink jet dye and solid particulates or aqueous colloidal disper- 
sions of solid particulates (typically about 1 0%'20.0% by weight solids) were added to a known amount of water such 
that the concentration of the dye was about 10*5 M. The solid dispersions containing dyes were carefully stirred and 
then spin coated onto a glass substrate at a speed of 1000-2000 rev/min. The spin coatings obtained were left in 

10 ambient atmosphere with fluorescent room lighting (about 0.5 Klux) kept on at all times during the measurement. The 
fade time was estimated by noting the time required for complete disappearance of magenta color as observed by the 
naked eye or by noting the time required for the optical absorption to decay to less than 0.03 of the original value. 
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Magenta Dye 

Comparative Coatings C-1 to C-2 (Non -co re/shell colloidal particles) 

[0035] Colloidal dispersions of silica particles were obtained from Nalco Chemical Company. Silica dispersion A had 
a mean particle size of 112 nm, a pH of 9.6, specific gravity of 1 .3 g/ml, and a solids content of 41 %. Silica dispersion 
B had a mean particle size of 94 nm, a pH of 8.4, specific gravity of 1 .3 g/ml, and a solids content of 40 %. The colloidal 
dispersions were used as received and coated and tested as described above. 

Preparation of Core/Shell Particles 

[0036] A ZrO(OH)acetate dispersion was obtained from MEI Corporation. The dispersion had 36.5 % solids, an 
average particle size of less than 10 nm, a pH of 3.8 and a specific gravity of 1 .3 g/ml. Core/shell colloidal dispersions 
were prepared by the simultaneous addition of the silica and zirconium colloidal dispersions into a highly eff icient mixing 
apparatus. The colloidal dispersions were introduced via calibrated peristaltic pumps at known flow rates. The mixing 
45 efficiencies and flow rates were varied to obtain stable core/shell colloidal dispersions. The details of the preparation 
and the characteristics of the dispersions are given below. The mixing efficiency of the apparatus Is described by the 
turnover rale, where the turnover rate = (stir rate(rev/min) x turnover volume (ml/rev)) divided by the aqueous volume. 
The mixing efficiency was kept constant for each example and was about 25 tumovers/min. 

50 Inventive Coatings 1-1 to 1-12 (Core/shell Colloidal Particles) 

[0037] 1-1 . Into a 2.0 L container containing 200 ml of distilled water which was stirred with a prop-like stin-er at a 
rate of 260" rpm was simultaneously added silica colloid A at a rate of 20.00 ml/min for 50 minutes and a zirconium 
(oxy)hydroxy acetate colloid at a rate of 1 .2 ml/min. The weight ratio of the resulting colloid was therefore 95 % silica 
55 and 5 % zirconlum(oxy)hydroxy acetate. The resulting dispersion had a particle size of 340 nm and settled after stand- 
ing, indicating that the dispersion was not colloidally stable. The resulting dispersion was then coated and tested as 
described above and the results shown in Table 1 below. 

[0038] 12. This was prepared in an identical manner to that of 1-1 . except that the zirconium (oxy)hydroxy acetate 
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colloid was added at a rate of 1 .8 ml/min. The weight ratio of the resulting colloid was therefore 92.5 % silica and 7 5 
% zirconium(oxy)hydroxy acetate. The resulting dispersion had a particle size of 210 nm and settled after standing. 
Indicating that the dispersion was not colloidally stable. The resulting dispersion was then coated and tested as de- 
scribed above and the results shown in Table 1 below. 

[0039] N3. This was prepared in an identical manner to that of M , except that the 2lrconium(oxy) hydroxy acetate 
colloid was added at a rate of 2.5 ml/min. The weight ratio of the resulting colloid was therefore 90.0 % silica and 1 0.0 
% zirconium(oxy)hydroxy acetate. The resulting dispersion had a particle size of 145 nm and did not settle after stand- 
ing, indicating that the dispersion was a stable colloid. The resulting dispersion was then coated and tested as described 
above and the results shown in Table 1 below. 

[0040] M. This was prepared in an identical mannerto that of 1-1 , except that silica colloid B was substituted in place 
of colloid A, and the zlrconium(oxy)hydroxy acetate colloid was added at a rate of 2.5 ml/min. The weight ratio of the 
resulting colloid was therefore 90.0 % silica and 10.0 % zlrconium(oxy)hydroxy acetate. The resulting dispersion had 
a particle size of 151 nm and did not settle after standing, indicating that the dispersion was a stable colloid. The 
resulting dispersion was then coated and tested as described above and the results shown in Table 1 below. 
[0041] 1-5. This was prepared in an Identical manner to that of 1 -1 , except that the zirconium(oxy)hydroxy acetate 
colloid was added at a rate of 4.0 ml/min. The weight ratio of the resulting colloid was therefore 85.0 % silica and 1 5.0 
% zlrconium(oxy)hydroxy acetate The resulting dispersion had a particle size of 1 31 nm and did not settle afterstanding, 
Indicating that the dispersion was a stable colloid. The resulting dispersion was then coated and tested as described 
above and the results shown In Table 1 below. 

[0042] 1-6. This was prepared In an identical manner to that of 1 -1 , except that the zirconium(oxy)hydroxy acetate 
colloid was added at a rate of 5.6 ml/min. The weight ratio of the resulting colloid was therefore 80.0 % silica and 20.0 
% zirconlum(oxy)hydroxy acetate. The resulting dispersion had a particle size of 1 30 nm and did not settle after stand- 
ing, indicating that the dispersion was a stable colloid. The resulting dispersion was then coated and tested as described 
above and the results shown in Table 1 below. 

[0043] 1-7. This was prepared in an identical manner to that of 1-1 , except that the zirconi urn (oxy) hydroxy acetate 
colloid was added at a rate of 9.3 ml/min. The weight ratio of the resulting colloid was therefore 70.0 % silica and 30.0 
% zlrconium(oxy)hydroxy acetate. The resulting dispersion had a particle size of 1 38 nm and did not settle after stand- 
ing, indicating that the dispersion was a stable colloid. The resulting dispersion was then coated and tested as described 
above and the results shown in Table 1 below. 
30 [0044] 1:8. This was prepared in an identical manner to that of 1 -1 , except that silica colloid B was substituted in 
place of colloid A, and the zirconium(oxy)hydroxy acetate colloid was added at a rate of 9.3 ml/min. The weight ratio 
of the resulting colloid was therefore 70.0 % silica and 30.0 % zirconium(oxy)hydroxy acetate. The resulting dispersion 
had a particle size of 93 nm and did not settle after standing, indicating that the dispersion was a stable colloid. The 
resulting dispersion was then coated and tested as described above and the results shown in Table 1 below. 
55 [0045] N9. This was prepared in an identical mannerto that of 1-1 , except that silica colloid B was substituted in place 
of colloid A, and the zirconium(oxy)hydroxy acetate colloid was added at a rate of 14.5 ml/min. The weight ratio of the 
resulting colloid was therefore 60.0 % silica and 40.0 % zircon ium(oxy)hydroxy acetate. The resulting dispersion had 
a particle size of 96 nm and did not settle afterstanding, Indicating that the dispersion was a stable colloid. The resulting 
dispersion was then coated and tested as described above and the results shown in Table 1 below. 
[0046] MO. 1 .0 g of colloidal silica dispersion B (median particle size 94 nm) was diluted by the addition of 2 0 ml 
distilled deionized water. 0.23 g of a 14 % (w/w) aqueous dispersion of Yttrium (oxy) hydroxy acetate (median particle 
size 15 nm) was then added slowly with vigorous stirring. The weight ratio of the resulting colloid was therefore 92.5 
% silica and 7.5 % yttrium(oxy) hydroxy acetate. The resulting dispersion had a particle size of 146 nm and did not 
settle after standing, indicating that the dispersion was a stable colloid. The resulting dispersion was then coated and 
45 tested as described above arid the results shown In Table 1 below. 

[0047] 1 -0 g of colloidal silica dispersion B (median particle size 94 nm) was diluted by the addition of 2 0 ml 

distilled deionized water. 0.6 g of a 14 % (w/w) aqueous dispersion of Yttrium(oxy)hydroxy acetate (median particle 
size 15 nm) was then added slowly with vigorous stirring. The weight ratio of the resulting colloid was therefore 82.5 
% silica and 17.5 % yttrium(oxy)hydroxy acetate. The resulting dispersion had a particle size of 139 nm and did not 
settle after standing, indicating that the dispersion was a stable colloid. The resulting dispersion was then coated and 
tested as described above and the results shown in Table 1 below. 

[0048] 1-12. 1 .0 g of colloidal silica dispersion B (median particle size 94 nm) was diluted by the addition of 2.0 ml 
distilled deionized water. 1.0 g of a 14 % (w/w) aqueous dispersion of Yttrium(oxy)hydroxy acetate (median particle 
size 15 nm) was then added slowly with vigorous stirring. The weight ratio of the resulting colloid was therefore 74 0 
% silica and 26.0 % yttrium(oxy)hydroxy acetate. The resulting dispersion had a particle size of 154 nm and did not 
settle after standing, indicating that the dispersion was a stable colloid. The resulting dispersion was then coated and 
tested as described above and the results shown in Table 1 below. 
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Table 1 






Fade Time 


L^oaiiny 


Silica Core 
Particle 


Core/Shell 
Ratio 


Particle Size 


Stable Colloid 


Particle Charge 




C-1 


A 


100/0 


112 


Yes 


neg. 


18 h 


C-2 


B 


100/0 


94 


Yes 


neg. 


18 h 


1-1 


A 


95/5 


340 


No 


neg./pos. 


1 d. 


1-2 


A 


92.5/7.5 


210 


No 


neg./pos. 


1 d. 


1-3 


A 


90/10 


145 


Yes 


pos. 


1 d. 


1-4 


B 


90/10 


151 


Yes 


pos. 


1 d. 


1-5 


A 


85/15 


131 


Yes 


pos. 


2d. 


1-6 


A 


80/20 


130 


Yes 


pos. 


5d. 


1-7 


A 


70/30 


138 


Yes 


pos. 


> 30 d. 


1-8 


B 


70/30 


93 


Yes 


pos. 


> 30 d. 


1-9 


B 


60/40 


96 


Yes 


pos. 


> 30 d. 


1-10 


B 


92.5/7.5 


146 


Yes 


NA 


7d. 


1-11 


B 


82.5/17.5 


139 


Yes 


NA 


> 10 d. 


1-12 


B 


74/26 


154 


1 Yes 


NA 


> 10 d. 
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[00491 The above data show that the coatings of the invention containing core/shell particles show '"inproved dye 
Slirngertimeforthedyetolose its optical density)whencomp 
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Example 2 

Element 1 of the Invention 

roOSOl A coating solution for the base layer was prepared by combining fumed alumina (Cab O-Sperse® PG003 
Cabot Co^ ) poly(vinyl alcohol) (Gohsenol® GH-1 7. Nippon Gohsei Co. Ltd.) and 2.3-dihydroxy-1 .4-d,oxane (Clanant 
Coro ) in a ratio o( 89:9;2 to give an aqueous coaling formulation of 30% solids by weight. 

rooTll ^he coating solution for the image-receiving layer was 1-4 described above and poly(v,nyl alcohol) (Gohse- 
SH-SrConGohseiCo.),andmordantpolymericparticlesofac^^^ 

"l!r^e and'^arvinylbenzene (87:13 molar ratio), and surfactant Zony^ FSN (E. .. du Pont de Nemours and Co.) .n a 
ratio of 73/2/20/5 to give an aqueous coating fomiulation of 1 0% solids by weight. 

S^521 The .ayers were simultaneously bead-coated at 40»C on polyethylene-coated paper base which had been 
p^" usiy subjected to corona discharge treatment. The image-receiving layer was coated on top of the base layer 
?he coating was then dried at 60"C by forced air to yield a two-layer recording element in which the thicknesses of the 
topmost and bottom layers were 2 jim and 40 jim. respectively. 

Element 2 of the Invention 

r00531 Element 2 of the invention was prepared the same as Element 1 except that the ratio of 1-4, poly(vinyl alcohol) 
Seno^ GH 23A Nippon Gohsei Co ). mordant polymeric particles of a copolymer of (vinylbenzy )trmethylammo- 
n^rl; chlor^e anfdivinyf^^^ (87:13 molar ratio), and surfactant ZonyKS FSN (E. I. du Pont de Nemours and Co.) 
was 67/2/26/5. 

Comparative Elements C-1 to C-4 

10054] Comparative Elements C-1 to C-4 were prepared the same as Element 1 except that fumed alumina (Cab- 
O Soerse® PG003 Cabot Corp.) was used in place of the core/shell matenal. The ratios of fumed alumina (Cab 
O-IS PgSSs Sot Cor^) poly(vinyl alcohol) (GohsenoKH. GH-23A, Nippon Gohsei Co.). mordant polymenc 
part^es^a cop^ymer of (vinSenzyl)trimethylammonium chloride and divinylbenzene (87:13 molar ratio), and sur- 
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factant Zonyl® FSN (E. I. du Pont de Nemours and Co.) for comparative elements 1 -4 are listed in Table 2. 
Coating Quality 

5 [0055] The dried coatings were visually evaluated for cracking defects. 
Gloss • . . 
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Dry Time 

[0057] Test images of cyan, magenta, yellow, red, green, blue and black bars, each 1 1 cm by 1 3 5 cm were orinted 

ZJ^^nJl ! bond paper was separated from the printed image. Ink transferred to the bond paper If the recordina 
ln7.ZL ' °' ""^^^'^ °" ^"^ The length Of t rbaTSLged 
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Element 


Ratio* 


60" Gloss (%) 


Coating Quality 


Proportional Dry Time (cm) 


C-1 


67/8/20/5 


70 


no cracking 


0 


1 


73/2/20/5 


74 


no cracking 


0 


C-2 


67/2/26/5 


75 


no cracking 


0 


2 


67/2/26/5 


75 


no cracking 


0 


C-3 


67/8/20/5 


73 


no cracking 


0 


C-4 


73/2/20/5 


72 


no cracking 


0 



[0058] The above results show that all elements had good gloss, coating quality and dry time characteristics. 
Density Testinci 

[0059] Test images of cyan, magenta, yellow, red. green and blue patches at 100% ink laydown were orinted on 
loLws ^ ' ^""^ "'^""^'"^ "'^^^"^^^ "«'"9 ^" X-R"^ «20 densitometer as 
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Table 3 





Density 


Element 


Color/Channel 




Cyan/Red 


MaeentayGreen 


YeUow/Blue 


BlackA^isual 


C-1 


2.14 


1.82 


1.57 


1.95 


1 


2.30 


2.03 


1.70 


2.25 


C-2 


2.23 


1.92 


1.63 


1.99 


2 


2.26 


2.12 


1.74 


2.11 


C-3 


2.15 


1.89 


1.60 


1.97 


C-4 


2.17 


1.87 


1.58 


1.96 





Density 


Element 


Color/Channel 






Red/ 


Red/ 


Green/ 


Green/ 


Blue/ 


Blue/ 




Green 


Blue 


Red 


Blue 


Red 


Green 


C-1 


1.76 


1.23 


1.83 


1.65 


2.13 


1.70 


1 


1.92 


1.25 


1.91 


1.78 


2.25 


1.75 


C-2 


1.89 


1.28 


1.87 


1.70 


2.11 


1.73 


2 


2.07 


1.30 


1.92 


1.79 


2.22 


1.80 


C-3 


1.83 


1.25 


1.81 


1.67 


2.08 


1.74 


C-4 


1.79 


1.22 


1.76 


1.62 


2.06 


1.69 



35 



[0060] The data in Table 3 show that Examples 1 and 2 employed in the invention had higher densities than the 
comparative Elements C-l to C-2. Comparative elements C-3 and C-4 demonstrate that the density mcrease cannot 
be attributed to the level of poIy(vinyl alcohol) present in the coating. 
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An ink jet recording element comprising a support having thereon an image-receiving layer, said J^k jet recording 
element containing core/shell particles wherein said shell of said particles consists of a metal(oxy)hydrox.de com- 
plex, 

M'^(0)3(OH)b(AP-),*xH20, 



wherein 

M is at least one metal ion; 
n is 3 or 4; 4; 
50 A is an organic or inorganic ion; 

pis 1 ,2or3; and 



i< 1.5; 



X is equal to or greater than 0; 

with the proviso that when n is 3, then a. b and c each comprise a rational number as follows: 0 < a 
< b < 3- and 0 < pc < 3, so that the charge of the M^-^ metal ion is balanced; 

and when n is 4. then a. b and c each comprise a rational number as follows: 0 < a < 2; 0 < b < 4; and O < 
pc < 4, so that the charge of the M^^ metal ion is balanced. 

2. The recording element of Claim 1 wherein said core/shell particles are present in said image-receiving layer. 
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3. 



The recording element of Claim 1 wherein said core/shell particles are present in an overcoat layer. 
t^eVel'Sha^^^^ ' " ' ^""^ -^^^^ - ^ '-^^-'^^ 9^oup metal of 

5 

' " V""-. »' "nth.- 

7. The recorting .lement of Claim I wheroin A»- Is an Incsanlc anion t, or. Br, F-, dO,-, NOj, CO,!- or so,2-. 

8. The reconflng element ol Claim 1 wherein said core ooitiprises silica. 

S;rhrn1,rrSLi™"r " -P- P'^P^- — an .,ueo,» .IS- 

10. An Inkjet printing method comprising the steps of: 

A) providing an ink jet printer that is responsive to digital data signals- 

B) loading said printer with the ink jet recording element of Claim 1 ; 

C) loading said printer with an ink jet ink composition- and 

D^printing on said ink jet recording element using said Inkjet ink composition in response to said digital data 
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